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1 Introduction

Pain perception is closely related to the attentional
level and the vigilance of the subject [4]. The in-
tensity of a pain stimulus and its sensation do often
not coincide. A common experimental example is the
so-called pain-inhibiting-pain effect: A stressful stim-
ulus, e.g. persistent or chronic pain, often elevates
the threshold for brief pain stimuli applied during the
same time. Stressful stimuli, which deflects attention
from a painful event, may induce the so-called Stress
Induced Analgesia [6],[8].
Phasic pain stimuli in the fingertip cause a pin-prick
like sensation and lead to a typical activation se-
quence of the cortex. An activation of the SII region at
100–120 ms which is related to the rational, discrim-
inating component of pain sensation is followed by
an activity at 250–350 ms, originating from the cin-
gulate gyrus (CG) which is related to the evaluative
perception of pain [9] (for a review, see [1]).
This study investigates the change in brain activation,
if short pain stimuli were superimposed by a persis-
tent, tonic pain stimulus. Due to the high resolution
needed in time, MEG and EEG are most suited to
record such activities. The alteration of brain activ-
ity patterns in MEG/EEG during the application of
additional tonic pain is compared against an addition-
ally recorded, psychophysical parameter. Thereby it
is possible to identify the cortical level where the pain
inhibition takes effect.

2 Methods

Eight healthy male subjects aged between 20 and 30
years volunteered for the study. After a briefing pro-
cedure they gave informed consent according to the
declaration of Helsinki. Measurements of the mag-
netic field and the electric potential take place in a
medium shielded room (ImedCo). A spherical MEG
system with 31 first order gradiometer SQUID sen-
sors of 70 mm baseline [3] and 64 EEG-electrodes,
fixed according to the international 10-20 system
were used for the measurement. Spatial positions of
gradiometer and electrodes were determined using a
3D digitizer system and were electronically matched

to individual MRI data from every subject. MEG and
EEG signals were sampled with 1 kHz and filtered
(0.3 to 70 Hz).

2.1 Stimuli

As phasic painful stimulus, an intracutaneous electri-
cal current pulse of 15 ms duration was used to gener-
ate a short, pinpricklike pain sensation [7]. The inten-
sity of the current was adjusted to twice the individual
pain threshold. To minimize effects of habituation,
the interstimulus intervals were randomized between
8 and 12 seconds. Two seconds after each pain stimu-
lus, the subject was prompted acoustically to rate the
sensation on a standardized scale between 0 (no sen-
sation), 4 (beginning pain sensation) and 8 (pain just
beneath the tolerance level). Tonic pain was induced
by the submaximum effort tourniquet method [2]. A
complete ischaemia was applied to the right forearm
for approximately 11.5 minutes. During the first 1.5
minutes, the subject had to perform definite isotonic
work with the right hand using a spring grip. The
ischaemia leads to a persistent pain, which becomes
highly unpleasant after 5 to 10 minutes. Every sub-
ject was instructed that ischaemia will be stopped at
the subjects request although none of them used this
possibility.
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Figure 1: Time lapse of the applied stimuli during
an experimental session. Horizontal bars indicate the
time intervals which were used for data processing.

Ischaemia was stopped regularly after 10 minutes in
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all experiments. Similar to the phasic pain stimuli, ev-
ery subject had to rate the intensity of the tonic pain
once a minute. Figure 1 shows the sequence of stimuli
during the experimental session. One measurement
session lasts 80 minutes. Phasic stimuli were applied
during the whole session with two breaks of approx-
imately ten minutes (minute 20-30, 60-70). Starting
from minute 28, additional ischaemic pain was ap-
plied for 11.5 minutes using the tourniquet method.
Brain activity following each phasic stimulus was
recorded as one epoch. After artifact rejection, sub-
averages of 30 successive epochs were computed and
labelled according to Fig. 1. The maximum amplitude
of the MEG respective EEG signals was measured af-
ter applying common mode subtraction to the data.

3 Results for subject MW

The results for one subject show the averaged time
signals (Subaverage C). MEG and EEG signals
show activations at typical latencies. For correspon-
dent time intervals, these activations were compared
against the pain rating.

3.1 Activation sequence in MEG and EEG

At the beginning of the session, only the phasic stim-
uli were applied. As known from earlier experiments,
this stimulus leads to a first activation of the SII re-
gion followed by activity from the cingulate gyrus.

Figure 2: Subaverage C (30 trials) of the MEG data.
Signals show pronounced activities at 65 and 110 ms.

The time signals in the MEG show two pronounced
maxima at 65 and 110 ms after stimulus onset. EEG
signals show a longer activation around 290 ms. Lo-
calization with a simple model (Single moving cur-
rent dipole and layered sphere model) revealed rough

Figure 3: Subaverage C (30 trials) of the EEG data.
Signals show a sprawled activation around 290 ms.

estimates for the origin of these activities: MEG data
shows current dipoles in the vicinity of the central sul-
cus while EEG data lead to an upright source in the
posterior cingulate gyrus (at 200 ms) which is mov-
ing to the anterior part of the CG for later latencies (at
330 ms).

3.2 Development during tonic pain

As a first approximation, the maximum amplitude of
the signals (MEG: 110ms, EEG: 290ms) was taken as
a measure for the strength of brain activation. Rating
values and amplitudes were monitored during the ses-
sion and averaged for correspondent time intervals.
The following curves, labelled according to Fig. 1,
demonstrate different behavior in MEG and EEG dur-
ing the session.

Figure 4: The MEG amplitude remains approximately
constant throughout the session. The letters on the
horizontal scale correspond to letters from Fig. 1).
The black arrow marks the release of the tonic pain.

The maximum amplitude at 110 ms in the MEG



Figure 5: The EEG amplitude shows a significant re-
duction during the application of tonic pain. After
the tonic stimulus is removed (Black arrow at ’K’),
the amplitude returns to its original value.

shows only small changes under application of the
tonic pain stimulus. Slightly increased amplitudes
may be observed at the beginning of the measure-
ments after both breaks.
The EEG amplitude at 290 ms demonstrate a signifi-
cant decrease of the signal amplitude during applica-
tion of the tonic pain. The amplitude dropped to 40
% of its original value without tonic stimulus. After
the tonic pain is removed, the amplitude approaches
again more than 50 % of the original value. After the
second break, the amplitude returned to the values at
the beginning of the experimental session.

Figure 6: Rating values for the intensity of phasic
(red) and tonic (blue) pain stimuli. Both parameter
show a significant change during application of the
tonic pain.

At the beginning of the experiment, rating values for
the phasic pain were around 6.5 which is in good

agreement with the strength of the given stimuli. Dur-
ing application of the tonic pain, rating values for the
phasic stimuli dropped significantly to values below 4
(e.g. below the painful level). After the tonic pain was
removed, the rating values for the phasic pain rose un-
til the original value at the beginning of the session
was reached again. The rating for the tonic pain stim-
ulus approached values of 8, which is just beneath the
tolerable level.

3.3 Effects for all subjects

All subjects show activity, which was evoked by the
phasic stimulus. Latencies for evoked fields and po-
tentials varied between subjects up to

�
10 ms for

the MEG and more than
�

20 ms for late compo-
nents of the EEG. Two of the subjects did not show
significant reduction of the rating values for the pha-
sic stimuli when tonic pain was applied and therefore
were excluded from further processing. For process-
ing of EEG amplitudes, an activity of latency 290

�

30 ms from every subject was used. Amplitude and
rating values of all subjects were evaluated (Fig. 7),
scaled to percent and finally averaged.

Figure 7: Averaged rating values (line) and EEG am-
plitude (bars) around 290 ms from all subjects. All
values were scaled to percent using the values of sub-
average C as the reference.

For the 290 ms component of the EEG, the aver-
aged curve for all subjects shows a similar run as the
demonstrated single case. A remarkable effect is an
amplitude reduction during the beginning of the last
measurement sequence (U-X).

4 Discussion

The various sites of activity in response to phasic pain
stimuli were differently reflected in EEG and MEG.
The averaged MEG shows a maximum at a latency of



approximately 110 ms which remains stable in am-
plitude also under additional tonic pain. This activity
was already formerly been identified to originate from
the SII Cortex and is assumed to represent the rational
component of pain perception. The observation of a
stable SII activity from the MEG data is in agreement
with this model since strength of the phasic stimuli
remained constant during the entire experiment. In
the MEG data of the single case, small amplitude re-
ductions during the beginning of every measurement
sequence might be explained as an effect of habitua-
tion.
In contrast, the maximal activation in the EEG oc-
curs at a time range between 250 and 350 ms. Sig-
nals at this latency originate from the cingulate gyrus,
which is known to process information dependent on
consciousness and attention. This activity was dras-
tically reduced under additionally applied tonic pain.
In a similar manner, the subjective rating of the phasic
pain stimuli were attenuated.
The simultaneous reduction of both, CG activity and
phasic pain rating during application of tonic pain in-
dicate a tight relation of the Cingulate Gyrus and hu-
man pain perception. Pain-related activity in the CG
gets reduced there is additional input from another
source, e.g. tonic pain. This indicates that the brain
at the level of the Cingulate Gyrus works as a selector
which can only handle one main source of input at a
time. On the psychological level, ’attention’ is just a
state of focus to a specific source of sensual input.
The simultaneous measurement of functional brain
activity and a psychophysical parameter yields the
Cingulate Gyrus as one of the earliest detectable
sources of subjective experience of pain. Attention
as a process of focusing to a specific source of input
does occur at this cortical level, but is not present at
the earlier level of pain processing in the SII cortex.
These findings may also open the clinical assessment
of chronic pain states by measuring its interaction
with brief test pain stimuli.

References

[1] B. Bromm and J. Lorenz, "Neurophysiological
evaluation of pain", in Electroencephalography
and clinical Neurophysiology, No. 107, 1998,
pp. 227–253.

[2] A.C.N. Chen, R.-D. Treede, B. Bromm,
"Tonic pain inhibits phasic pain: Evoked cere-
bral potential correlates in man", Psychiatry
Res.No. 14, 1985, pp.343–351.

[3] O. Dössel, B. David, M. Fuchs, J. Krüger,
K.-M. Lüdeke, H.A. Wischmann "A 31-
channel SQUID system for biomag-
netic imaging" ,AppliedSuperconductiv-
ityVol. 1, Nos 10-12,, 1993, pp.1813–1825.

[4] L. Garcia-Larea, R. Peyron, B. Laurent,
F. Maugiere, "Association and Dissociation be-
tween laser-evoked potentials and pain per-
ception", Neuroreport Vol. 8, No. 17, 1997,
pp.3785–3789.

[5] A. Pertovaara, T. Nurmikko, P.J. Pöntinen, "Two
separate components of pain produced by the
submaximal effort tourniquet test", Pain No. 20,
1984, pp.53–58.

[6] A. Reinert, R.-D. Treede, B. Bromm, "The pain
inhibiting pain effect: an electrophysiological
study in humans ", Brain Research No. 862,
2000, pp.103–110.

[7] E. Scharein, B. Bromm, "The intracutaneous
pain model in the assessment of analgesic effi-
cacy", Pain Reviews No. 5, 1998, pp.216–246.

[8] H. Yamasaki, R. Kakigi, S. Watanabe and
D. Naka, "Effects of distract on pain percep-
tion: magneto- and electro-encephalographic
studies", Cognitive Brain Research No 8,, 1999,
pp.73–76.

[9] R. Zaslansky, E. Sprecher, Y. Katz, B. Rozen-
berg, J.A. Hemli and D. Yarnitsky, "Pain-
evoked potentials: what do they really mea-
sure", in Electroencephalography and clinical
Neurophysiology, No. 100, 1996, pp. 384–392.


	Contents

